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4 . fv “2. 1. The parameterization of'surface.ff‘iction}ﬂ drag in NMC models is
based on the formula B ' |

| ty=-ec GV, _— (1)
where C is a drag eoefficient" o 15 the air density, and Vl is the
:w1nd vector at the f1rst Tevel of the numer1ca1 mode1

The acce]erat1on due to the surface fr1ct1ona1 drag is applied to

~the equat1on for V as fo11ows,_

(2)

in which g is the grav1ty acce]erat1on and Ap 1is the d1fference (Dos1t1ve)

of stat1c pressure across the first 1ayer of the model..

2. The formulation given above has‘been criticized because it uses V,
. : 1n the mu1t1p1e role of estimating the drag, determmmq its d1rect1on,
and ref]ect1nq the “impact of the frictional acce]erat1on A second -
criticism involves the fact‘that C, the drag coefficient, has not been
modified from the values OEigina11y_ihtroduced by'Cressman for use with
the barotr0p1c model. n | ’

We have recent]y exper1mented with a mod1f1ed version of th1s parameteri-
zation in whjch anvest1mate of the surface~geostroph1e w1ndeas made by.
downward extrapolation of the winds in'upper 1ayersiof the model. These
winds ought to be close tokthe‘tféfaaiéhﬁffwinds in the relevant layers.

The extrapoTationvdownwahd'ought:thehetore,to'approximate the baroe1inic

‘structure of the atmosphere. “These*were our hypotheses_‘
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The resu]tsiobtained to date have focused our attention on the

existence of an 1nert1a1 oscillation of apprec1ab1e maqn1tude in the L

- wind field of the severa1 numer1ca1 mode]s, 6L PE, LFM, and 9L GLOPEP.

3. ,The'inéhfia1 osci]]ation manifests itself by a characterfStic.

rotation of the horizonta1.and vector with a frequency given_hy the

Coriolis parameter. The“exiStence,of such oscillations is to be

. expected'in PE models. S1mp1e ana]ys1s suggests that the wave mot1on

“will a]so 1nvo1ve a qrav1tat1ona1 component For internal qrav1ty

1nert1a waves the frequency will approx1mate the Cor1o11s parameter
and d1spers1on w111 be minimal espec1a11y when account is taken of

hor1zonta1 truncat1on error. Furthermore the theory of qeostronh1c

| adJustment given by Obukhov “indicates that a damped 1nert1a1 osc111at1on

is to'be expected in the wave tra1n left by d1spers1ng external gravity

waves

In the f1gures shown 1ater we prov1de 11m1ted empirical eyidence

_of the presence of such,osc111at1ons in the NMC models.

4, We now tUrnkto the prob1em of parameterization of surface frictional

effects in the presence of an 1nert1a1 osc111at1on
First we note that, if fr1ct1on is mode1ed by use of the qeostroph1c

wind est1mated by extrapo]at1on of ‘the ‘upper layer w1nds, the presence

4-of an inertial osc111at1on 1n those w1nds leads to the exc1tat1on of a

1arge osc11]at10n in the 1owest 1eve1‘w1nd. This forced mot1on is not

~*of high wave number
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~dissipative and in Timited exper1ments has shown some tendency to arow -
11near1y w1th time through 2 davs of numer1ca1 nred1ct1on

Second, we note that the use of a formu]a such as eg. (2) wf]] tend
to damp tne inertial osci11ation in the boundany‘Tayer (i.e., 1ayer one),

since it a]ways,acts against that wind component,

5. The Evidence

Figurei}(a;b,c) shows the»wind'hodograph for two points——one in each .
hemiSphere at about the same 1atﬁtude “The v cohponent is defined as
pos1t1ve toward the. respect1ve po]es Eleven hours are shown. At both
oo1nts, the 1nert1a1 osc111at1on is most pronounced in the ]owest 1aver
In the th1rd layer, the oscillation is masked by a nronounced dr1Ft at
the Northern Hem1sphere gr1dpo1nt 7 ‘

| F1gure 2 shows the u and v components of the horizontal w1nd taken
- from an LFM rerun. The gr1doo1nt is Tocated at 72ON Tatitude. Three s

"»1eve1s of wind are presented Layer 1 is the boundary 1ayer We notice

'jf“the ex1stence of an 1nert1a1.osc111at1on at a]] three ]eve]s.' The

 osc111ation is damped sTow1y over the 36 hrs shown.

Figure 3 Shows the same data as‘Figure 2, but the formulation of -

- friction was changed to use an estimate of the surface geostrophic wind.
based,on extrapo1ation‘of Eoyer 2 and Layer 3 winds to the snrfaee. The
behavior ofILeveT 2 and Leve1 3 winds from the experimental nun is very!

much the same as in the operational run. We note, however, the excitation
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of a large oscillation in the boundary 1ayér wind. (Layer T).
We also printed out winds from the coarse mesh (381 km) 6L PE, but .
the inertial Qsci]]ation was masked by a drift in the wind over the

11 hours}printed.' These results are shown in Fiqure 4.

6. Conclusions

At this pbint in the investigation, there ére'many'more questions:
than subﬁtanfiated cohc]usioﬁs. Some of the following are more neér]y
_specu1ationsj‘

a. Frictional drag is~heeded'1n the mode]S to damp the‘amp1itudeff'

of the iné?tia1 oscillation. | .

b. The 9~Iayer.mbdé1 doesn‘t seem to'have sufficiently‘]argebx

surface frictibnbto accomp]ish‘the needed damping.

c. The assihi]atﬁon of wind data in middle and high ]atifudes

will be adversely affected by the presénte of the*jnert1a1 ~

- oscillation. If the period of the 030111ati0nvis 12 hrs
approximately, only multiples of 6 hrs will find the oscillation
at a nodal point. | o |

d. It seems impoésib]e to obtain good geostrdphic wind estimates

from either the wind or mass field produced by current NMC

pﬁimitﬁVé7e§uation mode]s. The Qn]yprSsibi]ify’stf11 ooen 1is
to ca]culatérthe nondivergent component of the wind for this

'purpose, but this would be an expensive calculation. In a



v | primitivefequation model baséd on the divergence and vorticity

equations (e.g., Sela's spectral model) the calculation would be

. inexpensive.
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